Seasonal changes in assimilation numbers and daily primary production rates of total
Introduction
In an attempt to understand the dynamic status of natural phytoplankton, intensive analytical studies on photosynthesis in relation to primary production processes have been carried out by many investigators (cf. ICIIIMuRA, 1968 ; HARRIS, 1978 ; PARSONS et at., 1984) . In these studies, photosynthesis light curve has been widely used to assess the effect of physico-chemical variables on photosynthesis and the eco-physiological properties of natural phytoplankton, or to make predictive models of phytoplankton production.
One of the important parameters of the curve is the maximum specific photosynthetic rate or assimilation number. The assimilation number, light saturated photosynthetic rate seems to be a useful index in comparative studies on phytoplankton photosynthesis (DUNSTAN, 1973 ; HARRISON and PLATT, 1980) . The effects of light, temperature and nutrients on the assimilation number have been analyzed (PLATT and JASSBY, 1976 ; LASTEIN and GAR(,AS, 1978 ; WILLIAMS, 1978 ; HARRISON and PLATT, 1980 Whatman GF/C glass fiber filter were put to determinations of DIN (NO3--N, NOz--N and NH4+-N) and DIP (see NAKANISIII et al., 1986) .
The daily primary production rate was estimated using a mathematical model proposed by IKUSIMA (1967, 1970) . The assimilation number of nannoplankton was Fig. 6 ).
The nannoplankton daily production (Pnanno) :
total daily production (Ptota,) ratio changed dependently on the nannoplankton Chl.a (Chlnanno) : total Chl.a (Chltota,) ratio as a whole, while the Pnanno Ptota, ratio did not show any tendency to exceed consistently the Chlnanno : Chltota, ratio at any station (Fig. 6 ). This tendency suggests that the productivity per unit Chl.a of nannoplankton is not always higher than that of netplankton. The annual gross primary production rate of total phytoplankton estimated was 191, 302 and 225 g C. m2. yr-` at Stas.1, 2 and 3, respectively. The percentage contribution of nannoplankton to the total annual gross production was similar among the stations and 49-54%. The assimilation numbers are influenced by algal composition (ICIIIMURA and ARUGA,1964 ; MANUELLI et at., 1970 ; GLooscHF:NKo et at., 1974) and by cell size (MALONE, 1971 (MALONE, , 1977 (MALONE, , 1980 .
In the present study, however, the variation in the assimilation numbers at a given water temperature did not seem to correspond at least with that in dominant species changing successively from August to December, though there are no full data on seasonal succession of algal composition. The assimilation number of nannoplankton was not always higher than that of the total (cf. Fig. 4) , nor than that of netplankton. This tendency seems to be different from that of marine phytoplankton in which, for example, the nannoplankton assimilation number is generally higher than that of netplankton (MALONE, 1977) . This discrepancy may be due to a difference in species specific to freshwater and marine phytoplankters (GLOOSCIIENKO et at., 1974) . EI'PLEY (1972) found that C Chl .a ratio as a biochemical property of marine phytoplankton was an important variable in the variation of the assimilation number. Unfortunately, the effect of C : Chl.a ratio on the assimilation numbers could not be examined here because of the lack of data on carbon content of phytoplankton. Thus, it is considered that water temperature is the most significant variable of the variation in the assimilation numbers in the south basin of Lake Biwa, and other related variables are minor.
The maximum assimilation number of total phytoplankton was 5.0-5.8 mg C • mg Chl.a-' • hr at the investigated stations (Fig. 4) . In comparison with the assimilation numbers summarized by ICHIMURA and ARULA (1964) and PARsoNS et at. ). This phenomenon suggests that a certain level of DIN stock may be necessary for a high nannoplankton growth rate in eutrophic waters (HARRIS, 1986) . On this assumption, it is considered that regeneration of DIN was insufficient for the growth of nannoplankton during the period of the low DIN stock. Under such a condition (low DIN stock), Anabaena macrospora possibly having N fixing appeared firstly as a dominant netplankter and formed a big peak of the productivity or Chl.a in late August -early September. And then Pediastrum biwae, Lyngbia limnetica and Staurastrum dorsidentiferum occurred successively as netplankters till December (NAKANISHI et at., 1986) .
Thus, in the south basin of Lake Biwa, regeneration of N under low DIN stock may have been more favorable for the growth of these netplankters characterized by slow growth, long generation time and/or N-fixing as well as low loss rates than for that of nannoplankters.
However, taking into consideration the fact that the assimilation number of nannoplankton was not always lower than that of netplankton during the period of high contribution of netplankton excepting September -October (Fig. 4) , the consideration mentioned above seems to be insufficient for explanation of the phenomenon. OKAMO'm et at. (unpublished) found that the grazing rate of Daphnia tongispina corresponded to the daily net production rate of nannoplankton at certain times in the north basin of Lake Biwa. In the present study, high loss in the rate of daily nannoplankton production due to zooplankton grazing may be a conceivable cause of low contribution to the total daily production rate in August -December. The next step requires analysis of the primary production processes in connection with the nitrogen metabolism of nannoplankton and netplankton, and with the effect of zooplankton grazing in the south basin of Lake Biwa.
ring primary production in the sea and inland waters and data reported from various areas. 
